Objective: This article examines engagement with a mobile application ("mCare") for wounded Service Members rehabilitating in their communities. Many had behavioral health problems, Traumatic Brain Injury (TBI), and/or post-traumatic stress disorder (PTS). The article also examines associations between Service Members' background characteristics and their engagement with mCare. Materials and Methods: This analysis included participants who received mCare (n ¼ 95) in a randomized controlled trial. mCare participants received status questionnaires daily for up to 36 weeks. Participant engagement encompasses exposure to mCare, percentage of questionnaires responded to, and response time. Participants were grouped by health status-that is, presence/absence of behavioral health problems, PTS, and/ or TBI. Histograms and regression analyses examined engagement by participants' health status and background characteristics. Results: Exposure to mCare did not differ by health status. Participants usually responded to !60% of the questionnaires weekly, generally in 10 h; however, participants with behavioral health problems had several weeks with <50% response and the longest response times. Total questionnaires responded to and response time did not differ statistically by health status. Older age and higher General Well-Being Schedule scores were associated with greater and faster response. Discussion: The sustained response to the questionnaires suggests engagement. Overall level of response surpassed trends reported for American's usage of mobile applications. With a few exceptions, Service Members engaged with mCare irrespective of health status. Conclusion: Mobile health has the potential to increase the quantity and quality of patient-provider communications in a community-based, rehabilitation care setting, above that of standard care.
BACKGROUND AND SIGNIFICANCE
In 2003, the US Army established specialized units, and at that time they were called Community Based Warrior in Transition Units (CBTWUs), to provide outpatient case management services for wounded Active Duty, National Guard, and Reserve Service Members who were eligible for rehabilitation in their home communities. Each CBWTU was staffed with a care team comprising a physician, physician's assistant or nurse practitioner, a social worker, nurse case managers, Platoon Sergeants, and administrative personnel who managed and coordinated the Service Members' care. Upon assignment to the CBWTU, Service Members would come in for one face-to-face onsite visit for processing and evaluation by the physician. While onsite, the Service Members would meet with all of the care team members and be assigned to their home community to rehabilitate and receive care within a 50-mile radius. Once home, as part of standard care, the CBWTU case managers contacted rehabilitating Service Members weekly, via telephone, to schedule appointments with medical specialists, monitor appointment attendance, assess progress toward therapy goals, and provide emotional support. Also as part of standard care, Platoon Sergeants contacted the Service Members daily, by telephone, to monitor and address any logistical obstacles the Service Member might have encountered and consulted with other Community Based Warrior in Transition Unit (CBWTU) staff members as needed.
Although this standard care approach worked well to support rehabilitation, weekly telephone contacts with a case manager and daily telephone contact with a Platoon Sergeant may not have been adequate for some of Service Members assigned to the CBWTUS. In some cases, Platoon Sergeants managed caseloads upward of 50 Service Members and case managers managed caseloads of up to 30 Service Members. Moreover, increasing numbers of Service Members were in need of rehabilitation for unseen injuries, namely traumatic brain injury (TBI), posttraumatic stress disorder (PTS), and/or behavioral health problems. These problems may be short-term, long-term, or permanent. Furthermore, they can result in significant functional impairments throughout their duration that can limit a person's ability to perform regular daily activities and can impede the initiation of self-care. Given the CBWTU contacts were telephonic, quantity of contacts from CBWTU staff may have been too little (i.e., fragmented), and the quality of the information exchange too challenging to cover all the issues telephonically for these Service Members faced, and the Service Members were not reaching rehabilitation goals.
In response to the needs of Service Members in the CBTWUs, particularly those with behavioral health problems, PTS, or TBI, the Telemedicine and Advanced Technology Research Center (TATRC), of the US Army Medical Research and Material Command, proposed to develop a secure mobile phone application, called "mCare," to augment the 1 comprehensive Model for Therapeutic Engagement in Rehabilitation, mCare was based on the ideas that a) patient engagement is "active" (as opposed to passive), "effortful" (i.e., requiring effort), directed participation (as opposed to compliance) in the rehabilitation process and b) the treatment provider and his/her collaboration with the patient is essential to increasing patients' engagement. These ideas were largely supported by previous research, which had shown that patient participation (if not "patient engagement" per the aforementioned model) was related to improvements in patient outcomes, [2] [3] [4] [5] [6] and enhanced selfcare behaviors. 7 Moreover, mobile phones were beginning to be seen as a means to increase patient participation in their healthcare, 8, 9 and interventions using mobile phones had been shown to improve a variety of clinical outcomes for people with chronic health problems [10] [11] [12] [13] [14] and facilitate preventive healthcare in a variety of populations. 15, 16 In 2011-2012, TATRC developed and tested mCare, a bidirectional system that includes text messages to send health tips, appointment reminders, and notices of new content within the application, as well as daily questionnaires to the Service Member about his/her status in a variety of areas important to their rehabilitation. Case Managers, Social Workers, or the Platoon Sergeant (as appropriate) responded to the results of the questionnaires if the Service Member's answers indicated an intervention was needed. mCare was intended to increase the quantity of contacts Service Member-provider interaction by a minimum of six above standard care, improve the quality of contacts by targeting issues important to rehabilitation, and expand the modality of contacts from scheduled telephone conversations only to convenient, asynchronous exchanges.
OBJECTIVE
The clinical efficacy of mCare vs standard care was tested in a randomized controlled trial (RCT) at four CBWTUs for Service Members (also called "study participants" in this article), many of whom had behavioral health problems, TBI, and/or PTS. As part of that RCT, the study team tracked participant usage of all aspects of the application. This article examines study participants' engagement with mCare, operationalized as their exposure and response to the most intensive, effort-requiring part of it, the daily questionnaires. Additionally, this article addresses whether exposure and response to mCare differed for study participants with behavioral health problems, PTS, and/or TBI in comparison to those who did not have these problems, and reports associations between response to the application and study participants' demographic and social characteristics.
MATERIALS AND METHODS mCare Technology
The mCare application is a secure, bi-directional, mobile health system that facilitates contact between Service Members and their care team members, particularly their Case Managers and Platoon Sergeants. The mCare application employs two-factor authentication and leverages the National Institutes of Standard and Technology Federal Information Processing Standard 140-2 certified encryption for data at rest and in-transit. mCare is remotely activated on a mobile device with a one-time authentication code and is then routinely accessed by the user/patient using a six-digit personal identification number of their choosing. The entire system functions in both synchronously and asynchronously. The system's secure website tracks data from the mobile devices and generates escalation triggers (as needed). It also provides longitudinal tracking of questionnaire responses received from the user/patient. The system uses text message prompts to notify users when there is new information to view and respond to within the mCare application.
mCare Study Protocol
To conduct the mCare prospective RCT, a convenience sample of Service Members assigned to four CBWTUs were recruited to participate voluntarily. Case Managers informed eligible, potential participants when they first presented to the CBWTU, and provided them with an informational brochure. Each CBWTU had an assigned registered nurse (a project liaison) who was not a member of the CBWTU and who went through the consent process with potential participants who were interested in enrolling.
Once enrolled, participants were randomized to "standard care plus mCare" or "standard care alone" groups. For group assignment, a sequential randomized block design was used based on whether the participant had confirmed TBI, suspected TBI, or no TBI (three blocks) at the time of study enrollment. The study used this approach to balance TBI symptoms between the two main treatment groups. One hundred and eighty-two patients enrolled in the evaluation, 87 in the standard care group, and 95 in the group that received the mCare intervention in addition to standard care. The treatment groups did not differ statistically on any of the background characteristics assessed (Supplementary Appendix 1).
Once enrolled, the study participants were followed for up to 36 weeks. However, participation in the study could be shorter. The reason for this is that the purpose of the care management was to assist in rehabilitation and determine if participants would return to duty, retire, or discharge from active service. Each of these scenarios (i.e., returned to duty, retired, etc.) meant the participant 'out processed' from the CBWTU and they were no longer eligible to receive care, including mCare. All others continued to receive mCare throughout the intervention.
In addition to the standard care described in the background section above, the mCare group received and responded to messages, mCare tips, appointment reminders, administrative notifications, and mCare questionnaires. Case Managers, Platoon Sergeants, other members of the CBWTU staff, and Project Liaisons utilized a website dashboard interface to send messages and review participants' responses. The mCare system recorded and time-stamped each instance a communication was sent to a participant, when the communication synced with the participant's phone, and if/when the participant responded.
This analysis evaluated study participants' engagement with them mCare questionnaires, the most interactive part of the mCare application. Each day, a study questionnaire was sent to mCare study participants at 10 a.m. local time, utilizing the mCare mobile application on the participants' mobile phones. Participants' responses to the questionnaires were stored and organized on a secure website, giving the Case Managers information regarding their patient's self-perceptions of his/her functioning. There were seven questionnaires, each sent once per week: General Status, Pain Status, Energy and Sleep Status, Anger Management, Relationship Status, Transition Goal Status, and Mood Status. Also, mCare sent a Weight Status questionnaire once per month. Each questionnaire was composed of a logic tree of 2-5 brief questions with multiple choice answers. If a participant's response to a questionnaire indicated they were having an issue, mCare automatically sent an alert-via email-to the members of the care team, which then led to a follow-up contact. The possibility that participants would provide rote answers to these questionnaires was mitigated by rotating the days on which a given status questionnaire was sent and by using at least two versions of each questionnaire.
Both treatment groups completed surveys related to the outcomes of the main study at regular intervals over 36 weeks. Study staff administered the surveys through Survey Monkey V R . The results for these surveys are beyond the scope of the present analysis.
Study Participants
This analysis focuses on the 95 study participants randomized to receive the mCare intervention.
Measures

Outcome variables
The outcome of the present analysis is participant engagement, defined as exposure and response to the most intensive part of the protocol, the mCare questionnaires. As noted above, participants might have left the study if they out processed from the CBWTU. Therefore, we considered exposure to the mCare system as an outcome variable, representing one dimension of participant engagement with it. Exposure refers to the number of weeks a participant was enrolled in the study (making them eligible for the intervention), during which mCare content was successfully sent to and synced with the participant's phone (range ¼ 1-36 weeks).
Because the mCare system automatically collects the date and time of when a questionnaire was sent, when it synced with a participant's mobile phone, and when the participant responded, the study was able to construct two measures of response. The first measure is a percentage, obtained by first dividing the number of questionnaires each participant responded to each week by the number of questionnaires sent and successfully synced with the participant's mobile phone. The result was multiplied by 100 (range ¼ 0-100%). If a questionnaire did not sync with the participant's phone, it was not counted in the denominator. The second measure is the number of hours between when a questionnaire synced with a participant's phone and when he/she sent a response.
Independent variable
The key independent variable is the presence or absence of a behavioral health problem, PTS, and/or TBI. The study created the following mutually exclusive groups: a) no behavioral health problem (or PTS or TBI) (n ¼ 40; 42.1%); b) behavioral health problem(s) only (unspecified) (n ¼ 22; 23.2%); c) behavioral health problem(s) (unspecified) plus PTS and/or TBI (n ¼ 24; 25.3%); and d) PTS and/or TBI only (n ¼ 9; 9.5%). TBI is not a behavioral health diagnosis per se, and it shares similar symptomatology with PTS, so we included PTS and TBI together.
Potential Correlates
The analysis also included age (years, !18), gender, CBWTU site [in Alabama (AL), Virginia (VA), Illinois (IL), and Florida (FL)], living arrangement (alone, with a spouse or partner, or "other," meaning with friends or family), total number of combat deployments in the participant's military career, length of deployments (combat and noncombat days), mobile phone carrier (AT&T, Sprint Verizon, T-Mobile), operating system of phone (Android, iPhone, other), and general well-being. The study measured general well-being using the General Well-being Schedule (GWS), an 18-item self-report questionnaire developed by the National Center for Health Statistics designed to measure an individual's sense of well-being (affect, self-control, health, vitality). 17 Total scores range from 0 to 110. 17 The instrument has strong internal consistency for the total score (a ¼ 0.91) 18 and acceptable test-retest reliability (coefficients ranging from 0.68 to 0.85). 19 
Statistical Analyses
The statistical analyses first calculated means and standard deviations or percentages for the mCare study participants' background characteristics, stratified by the independent variable, which groups participants according to whether they had a) no behavioral health diagnoses, b) behavioral health problem(s) only, c) behavioral health problem(s) plus PTS and/or TBI, or d) PTS and/or TBI only. The analyses then tested for differences across the groups using t-tests or Fisher's Exact tests. Next, the analyses constructed a series of histograms showing the outcome measures for each week of the intervention. Each group, as defined by the independent variable, is shown separately. These graphs display potential heterogeneity among groups that could be lost in analyses of totals (e.g., percentage of questionnaires responded to for the full 36 weeks, etc.). Last, using Ordinary Least Squares regression and Poisson regression, the analyses tested associations between totals for the outcome variables and the independent variable as well as between totals for the outcome variables and participants' background characteristics.
RESULTS
At baseline, the average age of mCare participants was between 34.7 and 39.7 years ( Table 1 ). The majority of participants were male, married, and living with a spouse or partner. A higher proportion of participants with PTS and/or TBI were divorced (33.3%), but marital status was not statistically different across the groups defined by the independent variable (P ¼ .141). Most participants (50.5%) had Android phones or iPhones (35.8%) and AT&T (37.9%) or Verizon (33.3%) for service.
With respect to group differences, participants who did not have any behavioral health problems, PTS, or TBI had fewer combat deployments (P ¼ .037). Average scores for the GWS were higherindicating higher self-reported general well-being-for participants with no behavioral health problems and participants with PTS and/or TBI only (P < .0001). Figure 1 illustrates mCare participants' exposure to the intervention. The sub-title of each sub-panel of Figure 1 shows the number of participants in each group at baseline. The bars of the histograms represent the number of participants enrolled and who successfully synced the questionnaires on their cell phones each week. Syncing problems occurred only in the first weeks of the study for three participants who did not have any behavioral health problems and at weeks 5 and 6 for one participant who had a behavioral health problem only. Due to outprocessing, the number of mCare participants eligible to receive the intervention declined over time. For example, 11/40 participants with no behavioral health diagnoses received mCare as of 36 weeks (top left sub-panel). Twelve of 22 participants with a behavioral health problem only (bottom left sub-panel), 8/24 with a behavioral health problem plus PTS and/or TBI (top right sub-panel), and 4/9 with PTS and/or TBI (bottom right sub-panel) were eligible for mCare as of 36 weeks, respectively. Figure 2 shows the percentage of questionnaires responded to each week among participants eligible to receive them (note: only questionnaires that synced were included in the denominator). Participants with no behavioral health problem (top left panel) and participants with PTS and/or TBI only (bottom right panel) responded to !60% of the questionnaires 28/36 and 30/36 weeks, respectively. Participants with a behavioral health problem only (bottom left panel) and those with a behavioral health problem plus PTS and/or TBI (top right panel) responded to at least 60% of the questionnaires 25/36 and 15/36 week, respectively. Weeks 16, 17, 28, 29, and 30, participants who had a behavioral health problem plus PTS and/or TBI responded to <50% of the questionnaires. Three of the 36 weeks, participants who had a behavioral health problem only responded to 51% of the questionnaires. For participants in all groups who remained in the study at week 36, there was an increase in the percentage of questionnaires responded to.
Participants who did not have a behavioral health diagnosis and participants with PTS and/or Traumatic Brain Injury (TBI) only had the shortest response times (Figure 3 ). For example, people with PTS and/or TBI often responded in <1 h (Weeks 2, 5, 10, 11, 17, 19-21, etc.), and participants with no behavioral health diagnosis always responded in <12 h. However, participants with a behavioral health problem (with or without PTS and/or TBI) had multiple weeks in which their mean response time exceeded 12 h, and at week 36, the mean response time increased to 24 h.
The total number of weeks participants were enrolled/eligible and received questionnaires, the total number of questionnaires responded to, and the mean response time for the entire intervention did not differ statistically across the groups defined by the independent variable (Table 2) .
Several background variables were associated with the outcome totals. Specifically, the percentage of questionnaires responded to increased with age (P ¼ .02) and with higher GWS scores (P ¼ .01) ( Table 2 ). Compared with participants at the Alabama (AL) site, those at the Illinois (IL) (P < .0001) and Virginia (VA) (P ¼ .005) sites were in the study slightly longer. Participants with higher GWS scores (P ¼ .03), mobile phone types "other" than Android or iPhone (P ¼ .0001), and with Verizon service (P < .0001) tended to be enrolled in the study/eligible to receive questionnaires for less time. The number of hours to respond to questionnaires after receiving them Notes: SD refers to standard deviation. % refers to column percentages. Column percentages might not sum to 100% due to rounding. P-values are from F-tests produced by ANOVA (means) or Fisher's Exact Tests (percentages). P values that are underlined are statistically significant. was statistically related to gender and GWS score, with males responding significantly faster (P ¼ .02) and participants with higher GWS scores responding slightly faster (P ¼ .03).
RESEARCH AND APPLICATIONS
DISCUSSION
mCare was developed to augment standard care. The goal was to increase the quantity of interactions between rehabilitating Service Members and their various providers at CBTWUs, and improve the quality of the information exchanged about health, psychosocial status, and progress toward treatment goals. In alignment with the Model for Therapeutic Engagement in Rehabilitation, 1 mCare was designed to require action and effort on the part of the Service Member, and to foster collaboration between him/her and staff at the CBTWU. All Service Members receiving care through the CBTWUs had some type of illness or injury, and therefore required long-term management as they progressed through the rehabilitation process and eventually transitioned into retirement, discharge or returned to duty. However, engagement with mCare among people with behavioral health problems, PTS, and/or TBI were particularly of interest in this analysis because these conditions can include debilitating cognitive (e.g., deficits in attention, concentration, memory, speed of processing, new learning, planning, reasoning, judgment, etc.) and emotional signs and symptoms (e.g., depression, anxiety, agitation, irritability, impulsivity, aggression) that make the monitoring and support provided by CBTWU staff simultaneously more difficult and more necessary. Little is known about whether people with such problems will adopt and use a mobile application in a sustained way.
Observation of the raw data by week showed that participants' exposure to mCare declined systematically as they out processed from rehabilitation, irrespective of presence or absence of a behavioral health problem, PTS, or TBI. Also, this examination showed that, over the course of the study, the percentage of questionnaires that study participants responded to was at least 60%, except for participants with behavioral health problems plus PTS and/or TBI. Time to respond was generally 10 h, and some weeks, the average response time was <1 h. Again, mean response time was longer for participants with participants with behavioral health problems, with or without PTS and/or TBI. The regression analyses found that presence/absence of a behavioral health problem, PTS, and/or TBI was not statistically related to total exposure, total percentage of questionnaires responded to, or total mean response time. Altogether, these findings suggest that mCare can and will be adopted and used by Service Members in a community setting, even those with cognitive and emotional difficulties.
Observation of the relationship between the measures of engagement and participants' background characteristics showed that the total number of questionnaires responded to over the study were statistically associated with higher age. That is, as age increased, so too did the percentage of questionnaires responded to. Higher GWS score, a measure of general well-being, was associated with higher and faster response.
To put the results about engagement into context, it is useful to compare mCare participants' response to how people have responded to or used other mobile applications. On one hand, mCare participants' engagement with the application was as expected, given recent P-values that are underlined are statistically significant.
RESEARCH AND APPLICATIONS
Each outcome was regressed on the individual study characteristics one at a time. 20 The Makovsky/Kelton fifth annual "Pulse of Online Health" survey found that 66% of Americans would like to use a mobile health application for their health-related problems. 21 On the other hand, mCare study participants' level of engagement with the mCare application surpassed market trends. Localytics reported in 2013 that users typically open an application on their phones 11.5 times per month and use it for an average of 5.7 min. 20 Another Localytics analysis found that the percentage of people who opened their mobile applications only once in the first 6 months of having it was 20%. 22 Eleven percent opened their applications twice, 27% opened their applications 3-10 times, and 39% opened their mobile applications 11 or more times in the first 6 months of having it. 25 Even at a low of 60% response to the daily questionnaires, mCare study participants opened their application and used it 4.2 times per week for up to 36 weeks.
An unanticipated finding of this analysis is the notable increase in the percentage of questionnaires responded to at week 36. The increase occurred for all groups, suggesting a systematic, artificial inflation of engagement. The increase did not occur in response times, however; rather, the two groups with behavioral health problems had an increase in the length of time to respond and the PTS/TBI group responded faster. These patterns are consistent with the overall picture for the groups. Because the goal of the analyses was to show the actual pattern of response, permitting observation of heterogeneity that is often missed in typical analyses of central tendency, the figures included the last week of data despite the potential for inflation of engagement. But supplementary analyses in which week 36 was removed found that conclusions made with and without the week-36 data were the same.
Without additional data (not collected in the main mCare RCT), the reasons for this comparatively high level of response are unknown. The lack of information about causation is a limitation of this study. One reason might be that mCare participants had high perceived need for treatment and reasonable outcome expectancies, two additional elements of the Model of Therapeutic Engagement. 1 In the vein of perceived need for treatment, Simmond and Fleming note that, for people with brain injury, one's awareness of their deficits is important for increasing motivation and improving functional outcomes. 23 Another reason for the high response level, which was sustained throughout the study, might be that participants received feedback and help if they answered the questionnaires in certain ways. This explanation is consistent with behavioral economics research, which points to timely feedback or reward as a powerful motivator. 24, 25 With standard care, participants would have had to wait up to a week for feedback or help.
Also, without additional data, it is unknown why participants with higher GWS scores had greater engagement. Possibly because they seemed to have a lower burden of disease, as noted in the comparison of background characteristics across the four main groups in this study, this made it easier to engage. Or perhaps because they had a higher sense of optimism, which is has been shown to be related to greater engagement in the rehabilitation process. 26, 27 When determining whether a patient is a candidate for a mobile health solution, it might behoove clinicians to evaluate the patient's current well-being as a proxy for their ability to engage with it.
Another limitation of this study is that it recruited Service Members, who tend to be seen as "different" from the general American population and/or as a "captive audience," making generalization difficult. Although mCare was developed for Service Members, the problems it was designed to mitigate are relevant to American civilians as well. Behavioral health problems, PTS, and TBI are major public health problems for the American general population. The Centers for Disease Control and Prevention reports that in 2010, about 2.5 million emergency department visits, hospitalizations, or deaths in the United States were associated with TBI. 28 Likewise, the National Comorbidity Survey has found that the lifetime prevalence of PTS among adult Americans is 7.8%. 29 Major depression, just one behavioral health problem, affected 6.9% of American adults in 2012. 30 Additionally, this cohort was being cared for in community settings, as much of the general American population is.
This analysis addressed the questionnaires, for reasons previously described, but mCare also provided education (health tips), administrative announcements, and appointment reminders to connect with study participants and keep them on track with their treatment plan. Future analyses of the mCare RCT will address participant response to these other components of mCare, as well as treatment group differences in health outcomes and traditional contacts with care team members. Moreover, follow-on studies are scheduled to evaluate specific elements of mCare where frequent provider contact and patient engagement could aid in the rehabilitation process. One study is in the areas of pain and goal awareness in wounded Service Members. Another is an evaluation of the mCare system for chronic care management of people with diabetes. The latter study will expand mCare functionality to include biosensors and patient health record, allowing for a more informed picture of the patient's treatment compliance in the home environment.
CONCLUSION
The standard of care for provider to patient communications at the CBWTUs prior to mCare were comprised of weekly telephone contact between nurse Case Managers and rehabilitating Service Members, and once daily telephone contact between Platoon Sergeants and Service Members. Because mCare solicited detailed information about patients' daily status, it had the potential to increase the quantity of provider-patient communications, to improve the quality of information providers received, and to shorten the waiting time for providers' responses to problems. This analysis showed that rehabilitating Service Members, many of whom had behavioral health problems, PTS, and/ or TBI, actively used mCare on a daily basis, responding to most status questionnaires and doing so in a timely way. Some weeks, Service Members with a higher level of burden were less responsive, but overall they responded in a manner comparable to their counterparts. If engagement is the key marker in determining the success of a rehabilitation program, mCare is a successful addition to standard care.
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